Purpose Several time-lapse imaging (TLI) systems for noninvasive continuous monitoring of developing embryos are currently available. The present study explored the prevalence, means of acquisition, and clinical application of TLI systems in USA in vitro fertilization (IVF) laboratories. Methods An online cross-sectional survey of 294 USA IVF laboratory directors was conducted in February and March 2016. Those directing more than one laboratory were asked to complete the survey for their home program and for their smallest laboratory by number of IVF/intracytoplasmic sperm injection (ICSI) cycle starts. Use of TLI was analyzed using logistic regression to calculate odds ratios (OR). Results Of 294 directors surveyed, 162 (55%) reported data on 204 laboratories. Thirty-five laboratories (17%) possessed at least one TLI system (median 2, interquartile range 1-4, total range 1-11). The more oocyte retrievals a laboratory performed annually, the more likely the laboratory was to possess a TLI system. Fifteen laboratories (43%) purchased their own systems, while others leased, loaned, or received donated systems. Twenty-five laboratories (71%) reported using TLI for embryo selection; all used TLI always, or usually, in combination with standard morphology evaluation. Twenty laboratories (80%) offered TLI to all patients. Some laboratories charged patients for TLI. Directors with TLI systems were more inclined to believe that TLI has value for embryo selection in clinical IVF. Conclusions TLI system possession in USA IVF laboratories is low, although positively associated with the number of retrievals performed and with directors' opinions on the technology's utility. Over 70% of laboratories with TLI systems use them clinically, and less than half purchased their systems.
Introduction
A major challenge in in vitro fertilization (IVF) is to reduce the risk of multiple gestations. The ideal way to achieve this would be to perform exclusively single embryo transfer for every patient. This practice would be most effective if a technology was available enabling identification of the single most developmentally competent embryo in any given cohort. Time-lapse imaging (TLI) is one technology that has been actively investigated over the last several years as a means for adjunctive embryo selection. This technology allows for the non-invasive, continuous monitoring of developing embryos in an undisturbed culture environment. While over 20 morphokinetic markers have been identified [1] , most of them have not been thoroughly validated in prospective or randomized controlled studies [2] .
Several TLI systems are currently available for use in the clinical IVF laboratory. Based on the volume of research that has been published on TLI, it is clear that this technology is being actively pursued as a tool for embryo selection. Furthermore, an Internet search for TLI demonstrates that some infertility clinics are advertising their use of the technology in clinical situations. However, no data exist on how many clinics in the USA are currently using TLI and in what capacity.
The purpose of this study was to assess the current landscape of TLI availability, the means by which the systems were acquired, and the prevalence of clinical use for embryo selection in IVF laboratories across the USA. Answers to these questions will help set the stage for further evaluation of TLI use in clinical situations, uncover potential biases in implementation of the novel technology, and lay the groundwork for further study of the application of TLI in clinical IVF.
Methods

Participants
The Society for Assisted Reproductive Technology Clinical Outcome Reporting System (SART-CORS) database was used to compile a list of all IVF clinics in the USA. The database was subsequently queried to determine the name and e-mail address of the assisted reproductive technology (ART) laboratory director at each clinic. In instances where contact information was not available, the American Society for Reproductive Medicine (ASRM) database was cross-referenced and/or clinics were individually contacted by phone to obtain contact information for the laboratory director. Some directors were noted to direct several ART laboratories; these directors were asked to respond to the laboratory-specific questions on the survey twice-once for their home institution and once for their smallest laboratory according to the number of IVF/ICSI cycle starts annually.
Survey design
The survey was developed using a combination of binary, multiple-choice, and open-response questions. Some of the multiple-choice answers also provided respondents the opportunity to write-in their own answers. Prior to survey release, the laboratories were stratified into quintiles by size according to number of fresh retrievals performed in 2014, as reported in SART-CORS. A pilot survey was then sent to laboratory directors of one private and one university-affiliated laboratory from each of the five quintiles. As no survey items were identified as problematic by these pilot participants, no revisions were made to the survey.
Survey distribution
The survey was distributed in February-March 2016 to all laboratory directors whose e-mail addresses were available; up to three reminder e-mails were sent to those directors who had not responded within 5 weeks of survey release. Data acquisition was accomplished using Qualtrics (Qualtrics, March 2016, Provo, UT).
Statistical analysis
Data were analyzed using logistic regression to calculate odds ratios (OR) and 95% confidence intervals (CI) and Wald twosided p values according to the number of oocyte retrievals performed annually by a laboratory. Open-response data were compiled, and unifying themes were identified by a single author (AVD). The defined themes and included responses were reviewed and confirmed by the other authors. SAS statistical software version 9.3 was used for all analyses (SAS Institute Inc., Cary, NC).
Results
Of the 294 directors surveyed, 162 responded (55%), with data available from 204 of 381 laboratories (54%) in the USA (Table 1) .
Possession of TLI system
The distribution of laboratories according to the possession of a TLI system is shown in Fig. 1 . More than half of the 204 laboratories (n = 123, 60%) did not have a system and had no plans to obtain one, 12 laboratories (6%) had no system but had plans to get one, while 35 (17%) had no system with their plans for acquisition being unknown (Fig. 1a) . The remaining 35 laboratories (17%) reported having at least one TLI system, with 6 of them (17%) having two different types. The majority of those with only one type of system possessed either EmbryoScope™ (n = 15, 43%) or Eeva™ (n = 10, 29%) system(s), with the remainder having at least one Primo Vision™, Miri® TL, or Astec Embryo Observation System CCM-IVF (Fig. 1b) . Of those having at least one EmbryoScope or Eeva system, 75.0% (15/20) and 76.9% (10/ 13), respectively, exclusively possessed one of these TLI systems.
Twenty-three of the 35 laboratories (65.7%) were in private clinics, and 12 (34.3%) were at university-affiliated programs. The median number of systems possessed by a laboratory was 2 (interquartile range 1-4, total range 1-11). Fifteen of the 35 laboratories (42.9%) purchased their own systems, eight leased them (22.9%), nine (25.7%) had systems that were either loaned (n = 7, 20.0%) or donated (n = 2, 5.7%) by the manufacturer, one (2.9%) had both purchased and loaned systems, and two (5.7%) had systems of unknown acquisition.
Laboratories that performed more oocyte retrievals annually tended to have greater odds of possessing a TLI system (Fig. 2) .
TLI system use
Of the 35 laboratories that possessed at least one TLI system, 25 (71.4%) reported using TLI for selecting embryos for transfer. Seven (28.0%) of the laboratories charged patients for use of a system, with charges ranging from $200 to >$2000 per cycle. All 25 laboratories reported using TLI in combination with standard morphology evaluation either always (n = 22, 88.0%) or usually (n = 3, 12.0%); none used it alone. Two (8.0%) laboratories used TLI for selection of cleavage-stage embryos for transfer (day 2 and/or day 3), nine (36.0%) used TLI for selection of embryos to be transferred exclusively at the blastocyst stage (days 5 and/or 6), and 14 (56.0%) used TLI for selection of embryos for transfer at both cleavage and blastocyst stages.
Twenty of the 25 laboratories (80.0%) offered use of timelapse to all their patients. One of these laboratories indicated that they offered TLI to all of their patients, as well as to those who had previously failed an IVF cycle. Of the other five laboratories, one (n = 1, 4.0%) gave preference to egg thaw cycles and PGD cases but otherwise randomly spaced cycles according to TLI system availability, while the remainder offered the technology based on availability and/or Blab director choosing^(n = 1, 4.0%), or only made the technology available to patients who were enrolled in a TLI clinical study (n = 2, 8.0%), or who were Bpatients of interest^(n = 1, 4.0%).
Lab directors' opinions
One hundred and fifty-seven of the 162 respondents provided opinions regarding the utility of TLI for embryo selection, of which 59 (37.6%) believed that TLI is superior to standard morphology grading for the evaluation and selection of embryos. Thirty-four of the 156 (21.8%) who reported having read the literature believed that published data support clinical use of TLI for selecting embryos for transfer. Furthermore, 34 of 153 (22.2%) believed that TLI will become standard of care. Laboratory directors with TLI systems were significantly more likely to agree with each of the opinion statements above (see Table 2 ) than directors of laboratories without TLI systems (p < 0.01 for all statements).
Stratifying the opinions by the TLI system that laboratory directors possessed, those with an EmbryoScope tended to have more positive views of TLI than those with either the Eeva or only one of the other systems. Notably, about 70% of directors with an EmbryoScope believed that TLI is superior to standard morphology and that it would become the standard of care for embryo selection, even though only just over half (55%) believed that current literature supports clinical use of TLI.
In response to why laboratory directors think TLI will or will not become the standard of care, the following themes were noted. Statements in support of TLI cited undisturbed culture conditions (n = 6), TLI used as a Btie breaker^for embryo selection (n = 4), and its use as an adjunctive tool that provides additional information to the embryologist (n = 3). Two lab directors noted that Bit is superior to standard morphology evaluation^and Bwe have better results.F urthermore, several responses noted that TLI will become the standard of care if/when the cost decreases (n = 5), only in specific cases (n = 1), and only if studies demonstrate a benefit (n = 5). Specifically, directors with an EmbryoScope cited the following as reasons for why TLI will become the standard of care: (1) more data and efficiency, (2) improved outcomes, (3) future price decrease, and (4) undisturbed culture conditions.
Laboratory directors who think that TLI will not become the standard of care commented that the technology is too expensive (n = 35), that there is no evidence that it provides additional benefit (n = 22), and that it is too time-intensive and/or is impractical (n = 4). Some said that the only benefit of TLI is that the system provides an undisturbed culture (n = 2), that it will be beneficial only in specific cases (n = 2) or as a tie breaker (n = 1), that any potential benefit would depend on the quality of the laboratory itself (n = 6), and that more data are needed (n = 9). Furthermore, they noted that TLI analysis does not accurately predict ploidy status and/or that PGS is a more powerful tool (n = 26) and that it may be an appropriate tool for day 3 embryo transfers but not for day 5/6 transfers (n = 7). Finally, two (n = 2) laboratory directors specifically cited poor performance of a certain TLI-S, stating that Bembryologist observations gave as good or better pregnancy rates.D
iscussion
In this study, we surveyed directors of IVF laboratories in the USA to assess the prevalence, means of acquisition, and clinical application of TLI systems in the USA. Based on the results of this survey, the prevalence of TLI systems in the USA is low (17.2%) and more likely to be possessed by laboratories with greater numbers of oocyte retrieval cycles annually. The majority of laboratories with a TLI system(s) use it clinically, less than half purchased their system(s), and over one quarter charge patients for usage, albeit over a wide cost range. Of the 25 laboratories that use TLI clinically, all of them use it always or usually in combination with conventional morphology evaluation, and most offer TLI use to all of their patients. Those directors with a TLI system are more inclined to believe that such a system has value for embryo selection in clinical IVF.
In numerous retrospective studies, some morphokinetic markers, which are identifiable only with the use of TLI, have been shown to be predictive of blastocyst development [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] , implantation [10, [14] [15] [16] , or poor embryo potential [5, 7, 17] . Furthermore, use of TLI systems has the additional potential advantage of incubating embryos in an undisturbed culture environment. However, at this time, few RCTs have been performed to prospectively validate these markers or the overall use of TLI for embryo selection [18] [19] [20] [21] , and most have shown no improvement in clinical pregnancy or implantation rates (between 64 and 843 patients randomized). As several systematic reviews have concluded, existing evidence is currently insufficient to support the use of TLI for embryo selection [2, 22, 23] .
To our knowledge, this is the first study that has investigated the prevalence and use of TLI systems in clinical IVF in the USA. Fig. 2 Odds of TLI system possession based on clinic volume by annual number of oocyte retrievals. The odds ratios and 95% CIs are shown above each histogram; referent = <300 retrievals (no clinics with <100 retrievals possessed a TLI system) The strengths of the study are that we attempted to survey the embryology laboratory directors from all IVF clinics in the USA; among them, more than 50% responded, and the survey responders were representative of SART-CORS clinics as reflected by a similar distribution of clinic setting (private vs. universityaffiliated) and clinic size by number of oocyte retrievals per year. In addition, the questionnaire created for this study was piloted to confirm clarity and validity. However, this study does have several limitations. First, to make the survey manageable for participants, we had to restrict responses to two clinics per director; this may have introduced bias with possible over-representation of some director's preferences and under-representation of others with respect to clinic possession and utilization of TLI systems. Furthermore, limiting the length of the survey prevented us from collecting additional potentially relevant data, including more demographic information on the laboratory directors, laboratory-specific culture conditions, and how laboratories changed their practices and/or outcomes with implementation of TLI systems. Also, this was a voluntary survey, so responses may not be representative of all clinics despite the observed distribution of clinic characteristics, and the questionnaire created for this survey study was not tested for reliability (confirming that the responders would have given the same answers if they completed the questionnaire more than once). Finally, these responses reflect the landscape of TLI utilization in the USA, and may not be representative of laboratories in other countries around the world.
In conclusion, while several TLI systems are FDA-approved and currently available commercially, we found that the percentage of laboratories that possess even one TLI system is low. Those laboratories that do have TLI tend to use the technology clinically, and about a quarter of those charge patients for the use of the technology. Further research should explore how TLI systems have changed clinical practice in the laboratories that have them, as well as reporting on how clinics are explaining the technology and its use to patients, particularly if they are using it only for certain populations. Furthermore, well-designed RCTs are needed to determine whether or not use of TLI significantly improves embryo selection and thus IVF success rates, and is of reasonable value and cost-effectiveness to implement into routine clinical practice.
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